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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 

3 .In the drawings, any words are not translated. < 



CLAIMS 



[Claim(s)] 

[Claim 1] At weight %, it is C. : 0.02% or less, N : 0.02% or less, Si:0.1-2.0%, Mn: 0.1-2.0%, Cr:10.0- 
20.0%, less than [ aluminum:0.20% ], P : 0.04% or less, S : 0.002% or less, Ti:0.01-0.35%, Nb: High 
grade ferritic stainless steel excellent in the high temperature strength characterized by the amount of P 
in which the remainder deposited as FeTiP by consisting of iron and an unescapable impurity including 
0.1-0.8% and Mg:0.0005-0.010% being 0.01% or less. 

[Claim 2] High grade ferritic stainless steel which was excellent in the high temperature strength 

according to claim 1 characterized by including Mo:0.05-3.0% further with weight %. 

[Claim 3] High grade ferritic stainless steel which was excellent in the high temperature strength 

according to claim 1 or 2 characterized by including Cu:0.05-2.0% further with weight %. 

[Claim 4] It is W further at weight %. : 0.01 - 1.0%, V : High grade ferritic stainless steel excellent in 

the high temperature strength according to claim 1, 2, or 3 characterized by including 0.01 - 1.0% of one 

sort, or two sorts. 

[Claim 5] It is B further at weight %. : High grade ferritic stainless steel excellent in high temperature 
strength claims 1, 2, and 3 characterized by including 0.0003 - 0.0050%, or given in four. 



[Translation done.] 
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♦ NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention offers the component presentation of the high grade ferritic 
stainless steel was excellent in the high temperature strength used as the exhaust manifold of an 
automobile, a front pipe, a pin center,large pipe, a muffler, a muffler of a two-wheel barrow, etc., and 
the fall in use [ the ] excelled [ ferritic stainless steel ] in small high temperature strength. 
[0002] 

[Description of the Prior Art] The muffler, the pin center,large pipe, and the pipe are stainless-steel-ized 
about 100% among the exhaust air systems of an automobile. As a result of coming to carry the purge 
using a catalyst for the purpose for which control of exhaust gas of an automobile is performed, and this 
reason reduces NOx and SOx gas, it is mentioned that the demand of the consumer to that the 
condensate corrosive environment of a muffler became severe and muffler endurance became large. 
[0003] Future still severer control of exhaust gas is applied from the rise to the latest environmental 
orientation. In order to satisfy this regulation, improvement in engine combustion efficiency and the 
improvement in effectiveness of a catalysis are indispensable, therefore the case where it elevated- 
temperature-izes at 900 degrees C or more produces the exhaust gas temperature discharged from an 
engine. Therefore, the ingredient for front pipes following an exhaust manifold or it is asked for the 
outstanding thermal resistance, especially high temperature strength. 

[0004] For elevated-temperature-izing of exhaust gas, the heat capacity of an exhaust manifold needs to 
be decreased, and, for this reason, thinning is needed. It is pressed for thinning by the need also from the 
needs of the formation of components lightweight for the improvement in fuel consumption. Although 
the product made from a casting of the exhaust manifold was most conventionally, as for the thinning in 
a casting, the inclination for the exhaust manifold fabricated with near, and small small ferritic-stainless- 
steel plate and steel pipe of thermal expansion to spread through a limitation quickly is seen. From such 
a background, the ferritic stainless steel excellent in high temperature strength is strongly called for from 
the commercial scene. 

[0005] As steel which meets such a demand, high grade heatproof ferritic stainless steel has so far been 
proposed. If this kind of steel is conventionally divided roughly, it can classify into three of the 
folio wings, the high-class ferritic stainless steel (refer to JP,64-8254,A) of (1) 18 - 19Cr system and (2) - 
- they are the ferritic stainless steel (refer to JP,6-2036,A) of 14 - 15Cr system developed as a cheap 
mold of this, and ferritic steel (refer to JP,8-120417,A) of 1 lCr system which reduced (3) Cr further. 
[ namely, ] 

[0006] The fundamental view which obtains the high temperature strength of steel conventionally 
[ these ] adds Nb, and obtains high temperature strength by the solid solution strengthening. 
Furthermore, only by adding Nb, since the carbide of a Nb6 C mold will deposit and Dissolution Nb will 
be taken by C, the effectiveness of carrying out compound addition of Nb-Ti is indicated (above- 
mentioned, JP,6-2036,A). 

[0007] To be sure, the high temperature strength after short-time heating is conventionally [ these ] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2/13/07 



JP,2000-336462,A [DETAILED DESCRIPTION] 



Page 2 of 7 



satisfied with steel of demand level with Nb addition. However, if long duration use is carried out at an 
elevated temperature, Nb will deposit and high temperature strength will fall. This deposit is the so- 
called aging deposit phenomenon, and becomes remarkable at 750 degrees C from 650 degrees C. 
Although surely a carbide deposit of a Nb6 C mold will be controlled if Nb-Ti compound addition is 
performed, the fall on the strength by 650 degrees C - 750 degrees C aging is based on a deposit of the 
intermetallic compound of Nb so that it may mention later, and Ti addition brings about the reverse 
effectiveness which promotes a deposit of this. 
[0008] 

[Problem(s) to be Solved by the Invention] Since Ti prevents a big and rough carbide deposit of a Nb6C 
mold, it is an element to add, although high temperature strength is maintained. So, let it be a technical 
problem to control the fall of the high temperature strength by the aging deposit of Nb a premise [ Ti-Nb 
compound addition ] in this invention. Namely, this invention is solving the fall of the high temperature 
strength produced during the elevated-temperature long duration use which is the fault which steel has 
conventionally, especially, the deposit of Nb in 650 degrees C to 750 degrees C is prevented 
advantageously, and has it, and aims at offering the ferritic stainless steel which has the high 
temperature strength which was excellent also even in after long duration use. 
[0009] 

[Means for Solving the Problem] this invention persons traced the phenomenon in which the deposit of 
Nb in 650 degrees C to 750 degrees C was promoted with the sludge of Ti-P in steel. And in order to 
prevent the evil of this Ti-P, the knowledge also of addition of Mg being also effective is carried out, 
and it came to make this invention. That is, the place made into the summary of this invention is weight 
%. C : 0.02% or less, N : 0.02% or less Si:0. 1-2.0%, Mn: 0.1-2.0% Cr: 10.0-20.0%, aluminum: Less than 
[ 0.20% ] P : 0.04% or less, S : 0.002% or less Ti:0.01-0.35%, Nb: 0.1-0.8% The need is further 
accepted including Mg:0.0005-0.010%. Mo:0.05-3.0%, Cu: 0.05-2.0% W : 0.01 - 1.0% V : 0.01 - 1.0%, 
B : It is the high grade ferritic stainless steel excellent in the high temperature strength characterized by 
the amount of P which the remainder becomes from iron and an unescapable impurity, and which 
deposited as FeTiP being 0.01% or less including at least one sort chosen from 0.0003 - 0.0050%. 
[0010] 

[Embodiment of the Invention] In order that this invention persons might solve the phenomenon in 
which Nb carries out an aging deposit, they ingoted 14Cr-0.3Nb steel and 14Cr-0.3Nb-0.15Ti steel in 
the laboratory, performed the same hot-rolling, cold-rolling, and annealing as the system, and produced 
the steel plate for a trial. The test piece for heat treatment produced from the obtained steel plate was 
heated at 600 degrees Cand 700 degrees C till 500 hours, and aging deposit processing was performed. 
The sludge which this generated was extracted on the replica and observed with the electron microscope. 

[001 1] In 14Cr(s)-0.3Nb steel, Nb checked depositing as the big and rough carbide and the detailed 
intermetallic compound Laves (Fe2 Nb) of a Nb6 C mold. On the other hand, in the 14Cr(s)-0.3Nb- 
0.1 5Ti steel which carried out compound addition of Nb-Ti, although the big and rough carbide of aNb6 
C mold was not accepted according to the effectiveness of Ti addition, Laves deposited like 14Cr(s)- 
0.3Nb steel. 

[0012] this invention persons solved depositing considering FeTiP in which above Laves preceded with 
it and deposited by still more detailed electron microscope observation as a nucleus. That is, although Ti 
addition controlled the carbide of a Nb6 C mold, it carried out the knowledge of promoting rather that 
form FeTiP and Nb deposits as Laves. FeTiP on which this invention persons function as a nucleus on 
the occasion of the aging deposit of Nb checked having already deposited in steel in cold-rolling and an 
annealing phase, going back further and depositing in a hot-rolling phase. 

[0013] As mentioned above, since Ti prevents a big and rough carbide deposit of a Nb6 C mold, it is an 
element to add, although high temperature strength is maintained. Then, this invention persons worked 
on the policy which prevents that Ti combines with P in steel and forms FeTiP. As a result of 
investigating the addition effectiveness of various elements, formation of FeTiP carried out the 
knowledge of decreasing remarkably by adding Mg. An experiment explains below. 
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[0014] It is the 14Cr(s)-0.5Nb-0.15Ti steel which carried out the laboratory ingot, and the addition of P 
is changed with 0.015%, 0.025%, and 0.035% (mass), and sample offering steel is 0-50 ppm about the 
addition of Mg. It was made to change. It is JIS about 1 after creating two samples of this sample 
offering steel at a time to each component conditions and giving hot-rolling, cold-rolling, and annealing 
sample. G The elevated temperature tensile test was performed based on 0567. the same - already « 
after performing 700 degree-CxlOOh aging treatment to one sample, the elevated temperature tensile test 
was performed. 

[0015] The relation between Mg addition and 700-degree-C proof stress difference (difference of the 
proof stress of the sample which performed aging treatment, and the sample which was not performed) 
is shown in drawing 1 according to P addition. It is 10 ppm when P is 0.015 and 0.025%. The 
effectiveness of Mg addition of until is remarkable and a proof stress difference becomes small 
according to an addition. And Mg is 10 ppm. Above, the effectiveness is saturated. On the other hand, 
when P is 0.035%, Mg addition required to make a proof stress difference small increases, and the proof 
stress difference is not small like the case of 0.01 5P or 0.025P. 

[0016] Moreover, drawing 2 shows the amount of P which deposits as FeTiP of the sample which has 
not performed aging treatment by the above-mentioned test specimen. This amount of P corresponds to 
the numerousness of the amounts of deposits of FeTiP. This drawing shows that the fall of the proof 
stress difference accompanying aging of drawing 1 deals with the fall of the amount of deposits of 
FeTiP. And the knowledge of what is necessary being just to make it the amount of P which deposited 
as PeTiP become 0.005% or less from this result preferably 0.010% or less, in order to make the proof 
stress difference accompanying aging small was carried out. 

[0017] The direct effectiveness of Mg addition is reducing the amount of deposits of FeTiP. Although 
the device in which Mg controls the deposit of FeTiP is not clear, I think that it is because Mg has 
priority over FeTiP in steel and P ghost is formed. In this way, as a result of the deposit of FeTiP 
decreasing by Mg addition, the aging deposit of Nb which made this the nucleus is controlled, and it can 
be understood that the proof stress difference accompanying aging becomes small. And increase of P 
considers why required Mg addition not only increases, but the proof stress difference acquired does not 
become small because it becomes impossible to be unable to catch Mg because of the increment in P. 
[0018] As mentioned above, this invention persons came to do the knowledge of the Mg addition 
effectiveness over after [ aging of] proof stress fall prevention, and were able to complete this 
invention. 

[0019] Next, the reason for limitation of the component in this invention is explained. C is restricted in 
order to secure workability and corrosion resistance. Especially, it gets impudent in the decarbonization 
time amount in a steel-manufacture process, and the rise of cost is caused although the lower one is 
desirable on a deep drawing disposition. It excels in elongation and the upper limit is made into 0.02% 
as conditions which maintain a high r value. 

[0020] Like C, N is restricted in order to secure workability and corrosion resistance. Although the 
lower one is desirable on a deep drawing disposition, since the rise of cost is caused, the upper limit is 
restricted to 0.02% or less. 

[0021] Since it is an effective element in order that Si may raise oxidation resistance, and toughness will 
be fallen if it adds too much although about 1.0% of addition is desirably effective 0.1% or more, an 
upper limit is made into 2.0%. 

[0022] It not only uses as a deoxidation element, but in order to raise oxidation resistance, it adds 0.1% 
or more, but Mn makes an upper limit 2.0%, in order to spoil workability, if it adds so much. 
[0023] Initial-complement addition of the Cr is carried out. Cr is a basic element which gives corrosion 
resistance to this invention article. If the amount runs short of corrosion resistance at less than 10.0% 
and exceeds 20.0%, cold-working nature will fall and manufacturability will deteriorate. Therefore, Cr is 
added in 10.0 - 20.0% of range. 

[0024] If it adds superfluously, aluminum falls the cleanliness of steel, and although deoxidation 
products remain, since it brings a bad influence to workability, it will make an upper limit 0.20%. 
[0025] Since P deposits FeTiP during hot rolling in falling the workability of this invention steel, and 
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corrosion resistance, and the deposit of Nb is promoted in an aging process, few the contents are so 
desirable that there are. However, in a industrial refinement process, reduction of P has a limitation and 
needs to use a raw material with few P contents. Therefore, low P-ization beyond the need brings about 
the increase of a remarkable manufacturing cost. Then, the upper limit of P was made into the 0.04 
same% as the upper limit of general-purpose ferritic stainless steel. However, in this invention, if P is 
less than 0.030 and P will become 0.035% to the effectiveness of Mg addition being demonstrated 
notably as drawing 1 explained, the initial complement of Mg will also reduce increase and its 
effectiveness. Moreover, the effect of such P is accepted, also when adding Zr and calcium and 
controlling the aging deposit of Nb. Therefore, in order to attain the purpose of this invention better, as 
for P, it is desirable that it is 0.03% or less. 

[0026] The amount of S is restricted. S was segregated to the grain boundary, and since it was a harmful 
element which promotes the grain boundary embrittlement in an elevated temperature, it made the upper 
limit 0.002%. 

[0027] Ti is the purpose which prevents the corrosion-resistant fall of a heat affected zone, and is added 
as a stabilization element. Moreover, Ti is added also in order to acquire effectively the effectiveness of 
Nb added for the purpose of the reservation on the strength by the inside pyrosphere. Although 
strengthening by the pyrosphere is obtained in an operation of Dissolution Nb while being based on Nb 
addition, the carbon nitride of Nb tends to deposit in this temperature region. Then, it prevents that carry 
out compound addition of Ti which is easy to form carbon nitride with Nb, and Dissolution Nb falls 
rather thanNb. In order to make the above effectiveness discover, in this invention, Ti is added 0.01% or 
more. However, if it adds so much, since generation control of FeTiP which functions as a deposit 
nucleus of Nb will become difficult, an upper limit is made into 0.35%. 

[0028] Nb is added 0.1% or more, in order to obtain high temperature strength. In order to be stabilized 
and to secure high temperature strength, 0.3% or more of addition is desirably desirable. However, since 
superfluous addition spoils ductility, or goes up the recrystallizing temperature of a steel plate and 
reduces manufacturability, it restricts an upper limit to 0.8%. 

[0029] Mg is an important alloying element in this invention. Since Mg prevents the aging deposit of Nb 
which controlled the deposit of FeTiP under hot-rolling and made it the nucleus, with steel, the 
advantageous effectiveness which could not be realized is brought about conventionally [ that after 
elevated-temperature long duration use maintains the high temperature strength of the heat-resistant 
ferritic stainless steel containing Nb-Ti ]. In order to acquire the effectiveness of such Mg, it is necessary 
to add at least 0.0005% or more of Mg ( drawing 1 ). Although it adds in a steel-manufacture phase, Mg 
cannot fix the yield easily and changes easily to about 0.0005 to 0.005%. However, since the Mg 
addition effectiveness of this invention is stabilized and it is obtained within the limits of this, there is an 
advantage that change of a yield does not influence high-temperature-strength fall prevention. However, 
since too much addition generates a lot of inclusion, pollutes steel and causes a rolling HEGE crack, an 
upper limit is made into 0.010%. 

[0030] Furthermore by this invention, Mo, Cu, W, V, and B are alternatively added according to the 
suitable use gestalt. Mo is added 0.05% or more if needed for corrosion-resistant improvement. Mo has 
the effectiveness which controls progress of pitting peculiar to a stainless steel plate. However, since 
effectiveness is saturated and the addition exceeding 3.0% causes the rise of cost, it makes an upper 
limit 3.0%. Cu has the effectiveness which controls the general corrosion in much corrosive 
environment by little addition. However, since hot-working nature will be fallen in saturating the 
effectiveness if it exceeds 2.0%, an addition is made into 0.05 - 2.0%. W and V are added 0.01% or 
more if needed, in order to raise high temperature strength. W and V contribute to solid solution 
strengthening of steel. However, since workability will be reduced if it adds too much, let 1 .0% be an 
upper limit. B is added 0.0003% or more if needed in order to prevent the crack produced in the 
secondary elaboration performed after processing of severe press working of sheet metal etc. However, 
even if it adds exceeding 0.0050%, when the effectiveness is saturated, since elongation is reduced and 
workability is reduced, let 0.0050% be an upper limit. 
[0031] 
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[Example] In Table 1, the steel of the component of this invention 6 and the examples 1 and 2 of a 
comparison was ingoted with 50kg vacuum melting furnace of a laboratory from this invention 1 . All 
performed cold rolling and annealing after hot rolling in the laboratory. The steel of this invention 16 
and the example 3 of a comparison to the example 6 of a comparison manufactured slab by the 
continuous casting after a converter ingot with the system from this invention 7. This inventions 10, 1 1, 
12, and 1 5 and the example 4 of a comparison performed annealing of a hot-rolling steel strip for slab 
after hot rolling by the usual approach, and others performed acid washing with hot-rolling, and 
presented cold rolling with it. Annealing after cold rolling was performed. After cold-rolling and 
annealing, JIS G The elevated temperature tensile test was performed based on 0567. After carrying out 
700 degree-CxlOOh aging treatment of cold-rolling and the annealing plate similarly, the elevated 
temperature tensile test was performed. In Table 1, the 700-degree C proof stress fall by 700 degrees C 
proof stress, the 700-degree C proof stress after 700 degree-Cx 100-hour aging, and aging is listed. 
[0032] 
[Table 1] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2/13/07 



lO/£\/Z 



affo iSo qaM irejj/inq-iSo/df o3 idiou [pdrf7AVAVM//:dm{ 



BEST AVAILABLE COPY 



8 



S3 



8 




0*C* 



!8 



s 



88 



pp 

22° 



CO CO S 



82$ 



88m 



ass 



4 



s 



s 



« 

91 



38^ 
ooS 



pp 

11 



-iogSS2|S 
Pop 



0* 



2gg 



S-8 



i 




S9S 
SggS 

PPP 



Pr*r* 
8m- 



PrP 
22818688 



8SS 



8 



o o o o o o < 

818S8S 



pi CO CO CO OA CO C*> 



pp p 



P"P# 



*228 2 



188 § 



Hiss 



8 



§§8 



ppp 
88 



688 



oopoo 

stiiscSsssss 



. PPP 



pp 

§§ 



coo tn 



PP 
§§ 



PP 



ppppc 



pp 



0 opppp 

icn 



§1 



PP 

CO CO 



I ^40 ro-~* 



co § §§§§ 



'PPPPP 



cncncn 
Pppppp 

^SSpSS 



Sotoioicncr 

OOOppp Z 

at co co co eo co 

! p.p-|?p 



Hill 



CO 



09 



£ cn oo 8 j£ o? 



SS|8SSS28|?§|| 

SI 



o 

o 

c 

< 

CD 



[NOiidraDsaa aaiiviaa] v^wee-oooz'df 



JP,2000-336462,A [DETAILED DESCRIPTION] Page 7 of 7 



[0033] Table 1 is seen, the steel which has the component presentation in connection with this invention 
has the remarkably small high-temperature-strength fall after aging compared with the example of a 
comparison, and the effectiveness of this invention is clear so that clearly. 
[0034] 

[Effect of the Invention] Since the high grade ferritic stainless steel which it not only excels in high 
temperature strength, but was conventionally excellent in the high temperature strength having the 
outstanding property that the fall on the strength by the aging deposit of Nb in use which was not able to 
be attained in steel is small with this invention can be offered, industrial effectiveness is very large. 



[Translation done.] 
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